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(54) REAR FOCUS TYPE ZOOM LENS 

(57)Abstract: 

PROBLEM TO BE SOLVED: To secure space for a back focus by providing a 
zoom lens with 1st to 4th lens groups being positivenegativepositive and positive 
from an object sideperforming zooming by the 2nd and the 4th lens groups and 
focusing by the 4th lens groupproviding the 3rd lens group with a positive lens on 
an image sidewhose lens surface on the image side is a strong refractive 
surface. 

SOLUTION: This zoom lens is provided with the 1st lens group L1 having 
positive refractive powerthe 2nd lens group L2 having negative refractive 
powerthe 3rd lens group L3 having the positive refractive power and the 4th lens 
group L4 having the positive refractive power from the object side. It is a rear 
focus type zoom lens where zooming is performed by the 2nd and the 4th lens 
groups L2 and L4 and focusing is performed by the 4th lens group L4. The 3rd 
lens group L3 is provided with the positive lens on the closest side to the image 



surfacewhose lens surface on the image surface side is the stronger refractive 
surface than on the object side. Namelyby arranging the positive lens at the rear 
of the 3rd group L3 and specifying the shape of the lensthe zoom lens is 
approximate to a retrofocus type and the position of the principal point of the 3rd 
lens group L3 is arranged to be away from the 2nd lens group L2. 



CLAIMS 



[Claim(s)] 

[Claim 1]The 1st lens group that has positive refracting power in order from the 
object sidethe 2nd lens group that has negative refracting powerlt has the 3rd 
lens group that has positive refracting powerand the 4th lens group that has 
positive refracting powerlt is a rear focus type zoom lens which moves said 2nd 
lens group and said 4th lens groupperforms zoomingmoves said 4th lens 
groupand performs a focusA rear focus type zoom lenswherein said 3rd lens 
group has a positive lens in the image surface side most and a lens side by the 
side of the image surface of this positive lens has a strong refracting interface 
compared with the object side. 

[Claim 2]When a focal distance of the whole system [ in / for length when 
distance from a final surface of this zoom lens in a wide angle end infinite 
distance object to the image surface is converted into air / BF and a wide angle 
end ]and the f number and a half-field angle are respectively set with fwF NW and 
omega [External Character 1] 

la • 

The zoom lens of the Claim 1 rear focus type satisfying the becoming conditional 
expression. 

[Claim 3]A curvature radius by the side of an object of said positive lens and the 
image surface is respectively made into R 3 i r and R32ra time of making said 
positive lens and a focal distance of said 3rd lens group into each f 3 i and h 1 .0 



- < - |R3ir/R32r|<5.01 .5<f 3 /f32<5.0 a rear focus type zoom lens of Claim 1 
satisfying a conditional expression. 

[Claim 4]A zoom lens of a rear focus type of Claim 1 wherein a positive lens of 
said 3rd lens group is a cemented lens of a positive-refractive-power lens and a 
negative-refracting-power lens. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]Securing the long back focus that a color separation prism 
enters between a lens and CCDabout the zoom lens of a rear focus 
typemoreover its front ball diameter is small at a high variable power ratioand 
especially this invention relates to the zoom lens of a large caliber rear focus type. 
[0002] 

[Description of the Prior Art]These daysin connection with small weight 
savingssuch as a home video cameraremarkable progress is looked at by the 
miniaturization of the zoom lens for an image pick-upand power is especially 
directed towards shortening of an overall lengththe miniaturization of a front ball 
diameterand simplification of composition. 

[0003]The zoom lens of what is called a rear focus type which moves lens groups 
other than the 1st lens group by the side of an objectand performs a focus as one 
means to attain these purposes is known. 

[0004]Generallycompared with the zoom lens which the zoom lens of a rear 
focus type moves the 1st lens groupand performs a focusthe effective diameter 
of the 1st lens group becomes smalland the miniaturization of the whole lens 
system becomes easy. Since close photographingespecially pole close 
photographing become possible and the further comparatively small lightweight 
lens group is movedthe driving force of a lens group is smalland endsand quick 



focusing is made. 

[0005]As a zoom lens of such a rear focus typefor exampleJPS62-206516AThe 
1st lens group more positive than the object side to order with JPS62-215225A 
and JPS62-24213AHave the 2nd negative lens groupthe 3rd positive lens 
groupand the 4th positive lens groupmove the 2nd lens groupperform variable 
powerand the image surface fluctuation accompanying variable power is 
amended by the 4th lens groupand the zoom lens which performs focusing is 
indicated. 

[0006]ln JPH4-4331 1 AJPH4-1 5361 5AJPH5-1 91 65AJPH5-271 67Aand JPH5- 
60973Athe example which comprised one convex lens or two convex lenses in 
the 4th lens group is indicated. In JPH5-60974Athe zoom lens which comprised 
two sheets of unevenness of the 4th lens group is indicated. 
[0007]JPS55-62419AJPS62-24213AJPS62-215225AJPS56-114920Aln 
gazettessuch as JPH3-200113AJPH4-242707AJPH4-343313Aand JPH5- 
297275Athe 3rd group and the 4th group are indicating that each becomes with 
the two-sheet composition of a positive lens and a negative lens in the working 
example. 

[0008]High definition-ization of a video camera is progressing with highly- 
efficient-izing (digitization) of a videocassette recorder. Decomposition of the 
picture by a color separation optical system has attained high definition as the 
one method. And there are gazettessuch as JPH5-72474AJPH6-51199AJPH6- 
337353AJPH6-347697AJPH7-199069Aand JPH7-270684Aas a lens suitable for 
it. 

[0009] 

[Problem(s) to be Solved by the Invention] As stated abovein order to attain the 
miniaturization of a front ball diameter and the whole systemgenerally in the 
zoom lenswhat is called a rear focus system is suitable rather than distance 
doubling by the 1st lens group. 

[0010]Howeverin JPH4-02681 1 A and JPH4-88309Ait was difficult to arrange a 
color separation prism in the composition. 



[001 1 ] JPH4-4331 1 AJPH4-1 5361 5AJPH5-1 91 65AJPH5-271 67AAnd when a 
zoom ratio is about 8 times from 6 times and became a high double zoom lens 
beyond this with these zoom lenses currently indicated by JPH5-60973Ait was 
difficult for change by the variable power of a chromatic aberration to become 
large too muchto be unable to amendand to demonstrate sufficient optical 
performance, high twice with a zoom ratio too as sufficient also in the example 
currently indicated by JPH5-60974A as an 8 time class — izing was not attained. 
[0012]lt was unsuitable in order for lens barrel structure to become complicated 
in the example currently indicated by JPS55-62419AJPS56-114920Aand JPH3- 
2001 13A in order that the 1st group or the 3rd group may also move in 
connection with variable powerand to attain a miniaturization. JPH4-242707A 
and JPH4-343313Aln the example currently indicated by JPH5-297275Athe 3rd 
group has composition with big air spacingand since the refracting power of the 
negative lens in the 3rd group is still weakerin order to apply to a high variable 
power zoom lensthe type which can fully amend the chromatic aberration 
generated by the 3rd group does not become. FurthermoreSince it is effective in 
the formation of a tele photograph since the concave meniscus lens in the 3rd 
group has the composition of having turned the concave surface strong against 
the image surface sidein the example proposed by JPH5-297275Abut it is 
composition unsuitable for a concave lens receiving the high order flare 
components generated with the convex lensa large caliberlt is a 
disadvantageous type for a high variable power zoom lens. 
[0013]JPH5-72474AJPH6-51199Athe example currently indicated in 
gazettessuch as JPH6-337353AJPH6-347697AJPH7-199069Aand JPH7- 
270684A-- the working example - each - high twice with a too as sufficient 
zoom ratio as about 10 to 12 times —izing was not attained. 
[0014]The purpose of this invention improves the fault of the above-mentioned 
conventional exampleand about improvement of JPH7-270684A of this people 
proposal especiallyThe back focus space containing optical elementssuch as 
prism for color separationor the optical element aiming at protection of a zoom 



lens part is fully securedlt aims at providing and setting the zoom lens of the rear 
focus type which planned about 16-time high variable power with a large 
caliberand providing the removable video camera of this zoom lensmaintaining 
good optical performance covering all the zoom areas and whole object distance. 
[0015] 

[Means for Solving the Problem]The 1st lens group that this invention is a basis 
of this purpose and has positive refracting power in order from the object sideThe 
2nd lens group that has negative refracting powerthe 3rd lens group that has 
positive refracting powerHave the 4th lens group that has positive refracting 
powermove said 2nd lens group and said 4th lens groupand zooming is 
performedlt is a rear focus type zoom lens which moves said 4th lens group and 
performs a focusand is characterized by said 3rd lens group's having a positive 
lens in the image surface side mostand a lens side by the side of the image . 
surface of this positive lens having a strong refracting interface compared with 
the object side. 

[0016]namelylight flux emitted by the 3rd group - abbreviated - a positive lens 
behind the 3rd lens group for supposing that it is afocal[ arrange and ] It brings 
close to a retro type by specifying this shapeand axial ray height which enters 
more a principal point interval of the 2nd lens group and this 3rd lens group into 
the 3rd lens group of a difference is made higher by arranging so that a principal 
point position of the 3rd lens group may be kept away from the 2nd lens group. 
Thereforea focal distance of the 4th group for making a focal distance of the 
whole system into the specified quantity can be lengthenedand a back focus as 
working distance is lengthened, that islight flux which comes out of the 3rd lens 
group abbreviated -- since it is afocalif the length of a back focus is calculated 
by a principal point system - about - it becomes the same as a focal distance of 
the 4th lens group. Thereforein order to fix a focal distance of the whole system 
and to lengthen a focal distance of the 4th lens groupit turns out that what is 
necessary is just to make high axial Uemitsu height h in the 3rd lens group as 
shown by drawing 19 . 



[0017]Respectively a curvature radius by the side of an object of said positive 
lensand the image surface R3irConsider it as R32r and respectively said positive 
lens and a focal distance of said 3rd lens group f3ia time of considering it as f3 - 
1.0 - < |R3ir/R32r|<5.01.5<f3/f32<5.0 - a conditional expression is satisfiedand 
while securing a back focusgood aberration compensation is performed. 
[0018]As for especially a positive lens of said 3rd lens groupit is desirable that it 
is a cemented lens of a positive-refractive-power lens and a negative-refracting- 
power lens! 
[0019] 

[Embodiment of the lnvention]Nextit explains concretely using working example 
of this invention. 

[0020]The lens sectional view of numerical working example 1-9 where the zoom 
lens of the rear focus type of this invention mentions drawing 1 - drawing 9 
late rdrawing 10 - drawing 18 show the several aberration figure of each working 
example respectively. In each aberration figureA shows the aberration figure in a 
wide angle endan aberration figure [ in / in B / middle ]and a several aberration 
figure [ in / in C / a tele edge ]. 

[0021]As for the inside L1 of a figurethe 1st lens group of positive refracting 
powerthe 2nd lens group of refracting power negative in L2the 3rd lens group of 
refracting power positive in L3and L4 are the 4th lens group of positive refracting 
power. SP is an aperture diaphragm and is stationed just before the 3rd lens 
group L3. GA is cover glass aiming at protection of a zoom lensand GB(s) are 
glass blockssuch as a color separation prisma faceplate of CCDand a low pass 
filter. From L1 to GA is a zoom lens partand is fixed to the camera body via 
mount member C. Thereforethe image surface side is contained in a camera 
body after GB. 

[0022]ln this exampleon the occasion of the variable power from a wide angle 
end to a tele edgethe 2nd lens group is moved to the image surface side like an 
arrowand the 4th lens group was moved and the image surface fluctuation 
accompanying variable power is amended. The rear focus type which moves the 



4th lens group on an optic axisand performs a focus is adopted. It is made to 
move so that it may have a convex locus to the object side on the occasion of the 
variable power from a wide angle end to a tele edgeas shown especially in the 
curves 4a and 4b of drawing 1 , This aimed at effective use of the space of the 
3rd lens group and the 4th lens groupand shortening of whole length of the lens 
is attained effectively. The curve 4a of the solid line of the 4th lens group and the 
curve 4b of a dotted line which are shown in the figure show the moving track for 
amending the image surface fluctuation at the time of following on the variable 
power from a wide angle end when carrying out the focus to the infinite distance 
distance object and the short distance object respectively to a tele edge. The 1st 
lens group and the 3rd lens group are immobilization in the case of variable 
power and a focus. 

[0023]ln numerical working example 1-3and 9the 3rd lens group comprises a 
cemented lens of the negative refracting power which consists of negative and 
positiveand a cemented lens of the positive refracting power which consists of 
positive and negativeand constitutes the retro type positive lens group as a whole. 
And as for the cemented lens of negative refracting powerthe lens side by the 
side of an object has turned the concave surface to the object side. In this wayit 
contributes to giving the role which keeps away the principal point position of the 
3rd lens group from the 2nd lens groupand lengthening a back focus. Especially 
compared with the image sidenegative power (a curvature radius is short) strong 
against the object side is givenand the principal point position is located more 
back. 

[0024]On the other handas for the cemented lens of said positive refracting 
powerthe lens side by the side of the image surface has a strong refracting 
interface (a curvature radius is short) compared with the field by the side of the 
object of this cemented lenslt contributes to this cemented lens also bearing the 
role which keeps away the principal point position of the 3rd lens group from the 
2nd lens group similarlyand lengthening the focal distance of the 4th lens 
grouptherefore lengthening a back focus. 



[0025]Similarlyin numerical working example 4-8the 3rd lens group comprises a 
negative single lens and a positive single lensand constitutes the retro type 
positive lens group as a whole. Furthermoreit contributes to said negative single 
lens bearing the role which is a concave surface with a strong field by the side of 
an objectand keeps away the principal point position of the 3rd lens group from 
the 2nd lens groupand lengthening the focal distance of the 4th lens 
grouptherefore lengthening a back focus. 

[0026]lt contributes to said positive single lensbearing the role with which the 
field by the side of the image surface has a strong refracting interface (a 
curvature radius is short) compared with the field by the side of an objectand 
keeps away the principal point position of the 3rd lens group from the 2nd lens 
group on the other handand lengthening the focal distance of the 4th lens 
grouptherefore lengthening a back focus. 

[0027]Thusin this examplethe back focus of the 3rd lens group to the extent that 
positive lens arrangement is carried out most at the image surface sidea principal 
point position is back arranged for the image side lens side of this positive lens 
as a convex to the image surface side and a color separation prism can be 
arranged back is secured. 

[0028]Although the zoom lens which secured the back focus enough and had a 
high variable power ratio with the above composition can be providedit is 
desirable to satisfy any of the following conditional expression they are still more 
preferably. 

[0029](i) When the focal distance of the whole system [ in / for length when the 
distance from the final surface of this lens in the infinite distance object of a wide 
angle end to the image surface is converted into air / BF and a wide angle 
end ]and an open F number and a half-field angle are respectively set to 
fwFNwand omega[0030] 
[External Character 2] 



It is a becoming conditional expression. 

[0031]lf the f number is made bright exceeding a lower limitit will become difficult 
for a high order spherical aberration and a coma aberration to occur and amend. 
[0032]Exceeding upper limitif the f number becomes darkan axial ray bunch will 
become thinand it enables this to miniaturize a color separation prism arranged 
between a final surface of this lensand the image surface. That isin spite of not 
lengthening a back focusit must lengthen and huge-ization of this whole length of 
the lens is imitatedand it is **. 

[0033](ii) When [ of said 3rd lens group ] a focal distance of R3irR32rthis positive 
lensand said 3rd lens group is most made into I32 and f3 for a curvature radius of 
a lens side by the side of an object of a positive lens by the side of the image 
surfaceand the image surface respectively1.0<|R3ir/R32r|<5.0 -- (2) 
1.5<f 3 /f 3 2<5.0- (3) 

It is satisfying a becoming conditional expression. 

[0034]The conditional expression (2) and (3) is a thing for [ of the 3rd lens group ] 
restricting curvature of a field by the side of the image surface mostlt becomes 
difficult for curvature and a focal distance of the image surface of a positive lens 
to become looseand to keep long enough a back focus which is the purpose of 
this inventionif a minimum is exceededlt becomes difficult to amend a high order 
spherical aberration generated when entering into the 4th lens group that ejects 
the 3rd lens group and has a focal functionif a maximum is exceededand it 
becomes impossible to attain highly efficient-ization. 

[0035]The sum of air spacing by the 1st lens group to the 2nd lens group to the 
2nd lens group and the 3rd lens group (iii) LWhen air spacing of omegaa wide 
angle enda tele edge and said 3rd lens group [ respectively as opposed to / in a 
half-field angle in a wide angle end / fwtoand an infinite distance object in a tele 
edge for a focal distance of said 4th lens group ]and the 4th lens group is set to 
Dit is 0.66<L/(f t and tanomega) <1.17. - (4) 
4.00<f 4 /fw<7.00 - (5) 
0.10<D/f t <0.30--(6) 



They are the becoming conditions. 

[0036]A conditional expression (4) is what optimizes moving space for variable 
power of the 2nd lens groupand a relation of a zoom ratioThe negative PETTSU 
bar sum which will hot change if negative refracting power is not strengthened in 
order to earn the amount of variable power burdens of the 2nd lens groupif space 
for movement of as opposed to [ when upper limit is exceeded ] variable power is 
too largeimitates huge-ization of an overall lengthcomes and exceeds a lower 
limitand shows a curvature of field increasesand it is not desirable. 
[0037]A back focus becomes long more than neededif a conditional expression 
(5) optimizes the length of a back focus and upper limit is exceededit will imitate 
huge-ization of an overall length and will comeand if a lower limit is exceededit 
will become difficult to secure a back focus long enough. 
[0038]A conditional expression (6) is what optimizes a relation of a focal distance 
of movable space of the 4th group for a focusand a tele edgelf large D is taken 
so that upper limit is exceededhuge-ization of an overall length will be imitated 
and it will comeand undesirablyif a lower limit is exceededit will become 
impossible to secure sufficient space for a focusand trouble will appear in the 
operativity of a zoom lens. 

[0039]When [ of the 3rd lens group ] a focal distance of f3i and the 3rd lens group 

is most made [ a curvature radius of a lens side by the side of an object ] into f3 

for a focal distance of a lens of R3if and the 3rd lens group most located in the 

object sideit is -0.60< R 3 if/f3<-0.10. - (7) 

0.30<R 3 if/f 3 i<0.90 - (8) 

They are the becoming conditions. 

[0040]The conditional expression (7) and (8) is a thing for [ of the 3rd group ] 
restricting curvature of a field by the side of an object mostlt becomes difficult for 
curvature and a focal distance of a negative lens to become looseand to keep 
long enough a back focus which is the purpose of this inventionif a maximum is 
exceededit becomes difficult to amend a high order spherical aberration 
generated when a bundle of rays emitted from the 2nd group in a wide angle end 



will enter into the 3rd groupif a minimum is exceededand it becomes impossible 
to attain highly efficient-ization. 

[0041]Nowin order to fully amend a chromatic aberration of a tele edge the 2nd 
groupAlthough what is necessary is just to comprise at least two negative lenses 
and at least one positive lensin order to expand a principal point interval of the 
2nd lens group and the 3rd lens group as mentioned aboveby this exampleit 
contributes to a thing of this 2nd lens group for which a negative lens is arranged 
and a back focus is lengthened most further at the image surface side. 
[0042]ln order to amend good aberration compensationespecially a chromatic 
aberration goodit is having at least one cemented lens in the 3rd groupas shown 
in the 1-3rd and the 9th working example. As stated also in advancewith high- 
definition-izing of a video cameraa chromatic aberration which seldom became a 
problem conventionallyespecially the chromatic aberration of magnification 
became a problemand have amended this good. 

[0043]ln this examplein order to make an image of the 1st lens group smallan 
aperture diaphragm has been arranged just before the 3rd lens groupbut it does 
not interfere between the 3rd lens group and the 4th lens group or between a 
negative lens in the 3rd lens groupand a positive lenswithout restricting to this 
position. 

[0044]a state of a beam of light which lengthens an exit pupil for the 3rd lens 
group as negative and positive at orderand ejects a zoom lens in this example or 
an abbreviated callas it becomes centricBy making loose an angle of a beam of 
light which enters into a color separation prism arranged in the backreflection 
property change by wavelength of a color separation system is canceledand 
color reproduction nature of a deed picture is dramatically improved color 
separation faithful. 

[0045]Like this lenswith a lens of high magnificationa focal distance of a tele 
terminal becomes very longand performance of a tele terminal and its 
neighborhood is greatly influenced by this 2nd group. And if an aspheric surface 
is introduced into this 2nd lens groupit is possible to improve optical performance. 



[0046]Since it aims fundamental at amendment of a spherical aberrationit is 
desirable for positive refracting power to serve as shape which becomes weak as 
an aspheric surface goes to a periphery of a lens. 

[0047]ln order to amend good aberration compensationespecially a chromatic 
aberration goodat least one positive lens in the 4th group is constituting from 
glass with which it is satisfied of nud>64.0. Howevernua is an Abbe number of 
glass. 

[0048]lt is the conditions for amending the chromatic aberration of magnification 
goodand the chromatic aberration of magnification becomes an undershirt and 
this conditional expression does not have itif an Abbe number is made small 
exceeding a lower limit of a conditional expression. [ preferred ] 
[0049]Belowworking example of this invention is indicated. 
[0050]in numerical working example - Ri - the object side -- order - it is a 
curvature radius of the i-th lens sideandas for Dithe i-th lens thickness and air 
spacingnickeland nui are a refractive index and an Abbe number of glass of the i- 
th lens in order from the object side in the object siderespectively. 
[0051 ]R24 - R25 grade in R28-R29 in numerical working example 1R26-R27 in 
numerical working example 23and 9and numerical working example 4-8 A cover 
glass partR26 - R29 grade in R28 - R31 numerical-value working example 4-8 in 
R30-R33 in numerical working example land numerical working example 23and 
9 show glass blockssuch as a color separation prisma light filterand a faceplate. 
[0052]Relation between the above-mentioned monograph affair type and many 
numerical values in numerical working example is shown in table-1. 
[0053]When aspherical surface shape makes positive a direction of movement of 
the X-axisan optic axis and a perpendicular direction H axisand light in an optical 
axis direction and a paraxial curvature radius and each aspheric surface 
coefficient are set to KBCDand E for R[0054] 
[External Character 3] • 

1 



It expresses with the becoming formula. 

[0055]For examplethe display of "e-0 x " means "10- x ." 

[0056] 

Table 1] 

s 



[0057] 

[External Character 4] 
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[0058] 

[External Character 5] 



0 



[0059] 

[External Character 6] 




[0060] 

[External Character 7] 



a 



[0061] 

[External Character 8] 



s 



[0062] 

[External Character 9] 



s 



[0063] 

[External Character 10] 



[0064] 

[External Character 1 1] 




[0065] 

[External Character 12] 




[0066] 

[Effect of the lnvention]Though about FNo.1.6 and a large caliber are secured by 
15 or more variable power ratios and high variable power by constituting as 
explained aboveOffer of the zoom lens of the rear focus type which has good 
performance covering all the zoom areas and whole object distance fully 
securing the back focus space containing optical elementssuch as prism for color 
separationor the optical element aiming at protection of a zoom lens part is 
attainedA small lightweight highly efficient lens attachment-and-detachment type 



video camera is realizable using this zoom lens. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] The lens sectional view of numerical working example 1 about this 
invention. 

[Drawing 2] The lens sectional view of numerical working example 2 about this 
invention. 

[Drawing 3] The lens sectional view of numerical working example 3 about this 
invention. 

[Drawing 4] The lens sectional view of numerical working example 4 about this 
invention. 

[Drawing 5] The lens sectional view of numerical working example 5 about this 
invention. 

[Drawing 6] The lens sectional view of numerical working example 6 about this 
invention. 

[Drawing 7] The lens sectional view of numerical working example 7 about this 
invention. 

[Drawing 8] The lens sectional view of numerical working example 8 about this 
invention. 

[Drawing 9] The lens sectional view of numerical working example 9 about this 
invention. 

[Drawing 10] The several aberration figure of numerical working example 1 about 
this invention. 

[Drawing 11] The several aberration figure of numerical working example 2 about 
this invention. 

[Drawing 12] The several aberration figure of numerical working example 3 about 
this invention. 



[Drawing 13] The several aberration figure of numerical working example 4 about 
this invention. 

[Drawing 14] The several aberration figure of numerical working example 5 about 
this invention. 

[Drawing 151 The several aberration figure of numerical working example 6 about 
this invention. 

[Drawing 16] The several aberration figure of numerical working example 7 about 
this invention. 

[Drawing 17] The several aberration figure of numerical working example 8 about 
this invention. 

[Drawing 18] The several aberration figure of numerical working example 9 about 
this invention. 

[Drawing 19] The principle figure of the zoom lens about this invention. 

[Description of Notations] 

L1 The 1st lens group 

L2 The 2nd lens group 

L3 The 3rd lens group 

L4 The 4th lens group 

g g line 

d d line 

deltaM meridional image surface 
deltas sagittal image surface 
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VXSfcSU 

fJ!Bm2 U>XS¥£iiuia3l4 U>XP£8tfi*tfTX- 
5>**fTl^BEB4 UVXB*$»;n*T7*-aX 
^75U7 , 7*-*^iCX-AbVXT$oT^ BEB 
3b>Xffli, «fc®ffiflyfcjEU>X£*lU KiEUV 
XO«iSffiiJOU>X®ttiatt:ffliJ(ctb^T?Sl>fflffiiH*^ 

r*c tznwttz u 77 *-*xiCX-au>Xo 

XOBBBfr SBBSTQEBSSaucBB LfcBfOg 
W1] 

8 . 1 < B F x Vf^/ (f f xttnti) <13. 3 

*-*7.iCOX-ZxU>X» 

[B««3] BEiEUVXQBftB&BBB0tt*¥ 
S*#«R31r » R32r fcU BIBIEUVX, *LT«U 
§5313 U>XB«>BjiUBtit£4 f 31» • f 3<b LfcW 
1. 0< I R 3 1r /R32r I <5. 0 
1. 5<f3 /f 32 <5. 0 
&«*M^**fir«C£*Wft&T«ttftl 1 ©'J 7 
7^-^T.iCX-L.U'VX, 

nMCH4] MIB*3UVXi«>EU>XW:iEJHJff2J 

u vx* afisfa u >xt ©s^ u vx?»* c t *.w 
«tr*w«aio | j77*-*xaa)X-L k u>x. 

[000 1] 

[»B©BT*a«#in' *»b»* 'J77*- a^s* 
ox-xtuvxicnu »»ci/vxtccDt©mnce 

*M^'JXi*tfA.*J:3»aivfv*7*-j!iX*B« 
LOOs HSBtt?LfrfcB5Stf'Js!r<, *Pg£'J 
77 *-*7iCcDX-^ U>XfcM"T5. 
[0 0 0 2] 

[0 0 0 3] CftS<Dl»**ST*U-£-3©*B£L 
%{*<M0)B1 UVXBttttOUVXBfcBBStfT 
7*-*X^tr-5, 3rli l J77*-A7siC<DX-AU> 
XtfHISftTV*. 

[0 0 0 4] -fiStCU77*-*7it<DX-AU>X 
tt, *1 U>XP*»n*tfT7*-*X*ff9X-.k 

uvxicjt^T, mi u->xiffl!)W(ba4M\*<4y, 



r*a«*Bj(tefe*tfT**. 

[0 0 0 5] Cfl!)«flcU77*-*XSW>X-L k UVX 
<t LTBiltf > BBH 62-206516 ftH 
BB62-21 522 5*§ii$B, fSBBBB6 2 -2 4 2 1 3 

m&N*TttWHU: l )Mtcmam'\ uvx* n©s& 

2L/>XP, jE05«l3U>X». iECDJg4 UVXPSW 
U B2UVXW?«B*tfTB««5l\ B4UVX 
■fWWBtc#9«IHaB*»jEr*i»lc, 7*- *)-> 
V^*It 3 X-L b>X^ffi/Tx LTl'S. 
[0 0 0 6] fcBfl¥4-4 3 3 1 1 *4i«, ftffi 

¥4-1 5 3 6 1 5*ii«. »B¥5-1 9 1 6 5*45 
«L BB¥5-2 7 1 6 7*4ifB, fc*tmH¥5-6 

0 97 3*ii«T*tt, B4UVXW*BU>Xll«fc 
(*»■ i!bUVX2ttT*B*ftfcB#M3***lTl**. * 
Tc. BB¥5 - 6 0 9 7 4#45«?ttB4 L/>XStf H 
0© 2 ttT'^fiE* tifcX-L 1/>XjMWK;»! tiTV*. 

[0 0 0 7] MIC, &MBB5 5-6 24 1 9*ii«, tt 
MPS 6 2-242 1 39iiffi« BBB6 2-2 1 522 
5mHM. &F»flBB5 6 - 1 1 4 9 2 0«45«» ?Sli¥3 
-2 00 1 1 3 *i}$8, 1tM¥4-24 27 07*ii 
B. £F>8¥4-343 3 1 342ML WH¥5-2 9 7 
2 7 5*iiBB©ii«T(**0BBB<ffcB38k SS4 
Btf*ftWljft IEU>X. ftU>X02tt«BKT'S* 

[0 0 0 8] extf-ry+OWMWb (fy^/b 
fls) »sBl*trr*»;*5©BBK{b]B^A/?*Tl''*. 

1 OQ^ii LTfi#B«£Bfc«fc*BB<D#Bl;: 
•fcyWBBfcBBLTV*. *LT, f-ftlcBLfcUV 
X^LT, S«T5-7 24 7 4^iil, W6-5 

1 1 9 9*£$fi, ^¥6 - 3 3 7 3 5 3BiiB» «N 
¥6-34 7 6 97*i}$8, WWT7-1 99 0 6 9# 
4i$B, #B8¥7 - 2 7 0 6 8 4*4i$SII<D^* ,: ^^. 

[0009] 

k» Htticx-ixu>xtcfe^T» msa • 

{b^itfiE-r^icti, Mi L/VXttlcJ:*EB#bitJ:U 
«•» RlTll l J77*-*77jjCa)^* , !jiLTl^. 

[0 0 10] L6 x L^A^6v 1fM¥4-0 2 68 1 1* 
ii«fc«fctf#Bfl¥4 - 8 8 3 0 9*4i«Ttt» ^©^ifiE 
K*^Tft»»X'JXi»*E«r«©tfBII"P»-3/!:. 

[0011]*^ »M¥4 - 43 3 1 1 &BB 
¥4-1 5 36 1 S^iifg, KM¥5-1 9 1 6 5*4i 
fflv ^FJ¥ 5-27 1 67 #4i«, fc *lfBB¥ 5-6 
0 9 7 3*aS7BSS*lT^*Ctl6fl)X-i»UVX 
7ttX-Att#6»6 8fiBB?C>J cnJ-X±©iSfg 

x-2»u>xica*£feiRs©sffite**£tttf**< 

* k J r SfTBiE L*tir«»J»^ttB*BB* c 
tttBBTSofe, Sfc, BB¥5-60 9 7 4^iiB 



(3) 



^m¥9-2 8 13 9 1 



y ?t#a«fif btf»a*tiT^*fr o ft. 

[0 0 12] MIC 8BMH5 5-624 1 9#4J«, ft 
WBB5 6-1 1 49 2 0*lli$B, ftli¥3-2 00 1 1 
3«J«TIII^*tlT^*«ITtt» mi8¥tfttt, £3 

Hfb*51ldir*fc46l=«:TlRl*T*-3ft. *fc» Ml* 
4-2 427-679£tUKflMW4;-34 33 1 3^ 
ii«U ftW¥ 5-2972 7 5'«fiS(CKSR*tlT(S* 

y , * e icm 3 u vx<&jb8t*j ssi^fta&ss 
fgx-^uvx^®ffl-r«ft»itttm3ifT*56s-r«e 

i|SaMc3EjWcWE"P* Z * 4 7 1 ttft 5 a L\ Wcttv 
MPP 5-29727 5*4jaTJ«*tlTl^«9?tt 
W3IM>fl!>l!9/=XAXl/>XtNMMlctt^l!!lll»A 
ttft8ifi8(!:&?7V*ft46xU7* Mbfcl*£»?»* 
tffl U >X?»£ Lft K3W>7 U7-fi2»*m UVXT- 

Z> U >XK li¥f ijft $ -f XT'fc 

[0 0 13] *fc, ff||¥5-7 24744fi||. KM 
¥6-5 1 1 9 9££& lfl!S¥6-3 37 3 5 3^2 
& Wi¥6 - 3 4 7 6 9 7#4i», ftM¥7 - 1 9 9 
0 6 9 If W¥ 7-27068 4#iifBH©£$B 
TI»3**ft7V*ffiR*tK *©jBKSfflltt^t**itiX-2x 

Mi o~i 2flw&*u | Jft#axflHkff&jt&ri 
[0014] *fgw©awtt, ±eiieMK)ftift«tt* 

U ^lC*ttiEiAJi^01f M¥ 7-270684 
flHKfitcHU fe#»ffi7yX^«<W^JR¥^X-Z» 
U VXS$©«B* g £ LtcX^m^tfAZ/ W * 7 * 

JtOHgfgfcE] o ft U 7 7 * - » XSC©X-i* u vx* 
llfltU •&to#TKX-AUVXOSflttnitlftlf7 r *^ 

[00 15] 

[«H*»a-r*ft»<o#si *«wtt^*a«a>ti 

»©HSf2J****II2U>X8. IE<DJS}/r2]£1l 

*u Miam2 u>x»4iM3»4 u>xaf£&»*tf 

TX-S>^B\ IMB«4 UVX»*»»*#T7 
*-*X*ff-5y77*-»X^X-^U>XT*So 
Ts buIBS3 UVXPtt, St&SflWKIEUVXfcW 
Lx BiEUVX<D«Efl|®U>Xffi«*M*fflJlCtt^T3l 

[0016] ra*5-6» M3PtcT«ti[*nft^s?Bs 

77*-*;Utr«ft46«)*3 UVXaf©a*KjEUV 
X*E«U X, CflMBtt*W3Er*CfcTUhP*-r 



5iS#Jt*J:5tcK«r*Ci:K* , J»2 U>XS¥i:IS 

^3 ix>xtt£Q±Ann*j:yii»*3 uvxpka 

E»«Rf£S 1 1 Z> ft «>©m 4 P4)J££S§Si£ft < r « 

-ax** o$y*3L/>xw«? 

**6*flW877 * -*WUT**fttt/ to 7 7 * -*7© 

«* iii jawettjw s t mm 4 u>x8w>«uarai 
>xwo«uiWHi*«< r*fti6f=ttia 1 9-^**13 

[0 0 17] X, 19EjEUVX4>tt{tflg£ftnffl<Dtt* 
¥&*£*R31r v R32r tU SJIBIEUVX, *LT 
- HCIl3l/>XffOMjArai*ft4f3l« f3£LftBf 
1. 0< I R31r /R32r I <5. 0 
1 . 5< f 3 /i 32<5. 0 
fc**ftS*3IJB*tfT» /to77*- 2j7£5««-f£ 

[0 0 18] tt(cflftEI!3 UVXWCiEUVXttiEJISr 
fiUVXi ftfflSf * U > X £ U VXT'35 

a*u\ 

[0019] 

fwwcwiirr*. 

[0 0 2 0] BH~H9tt*«W©y77*-*XiW> 
X-/xU>X©ma-r«StfillliSC>J 1 ~9©UVX»rll 
Bk B1 O~01 8a«natAd!)MWaiH«#4a?r. 

[002 1] E+L 1 ttiEOJHSWDfl)* 1 U>X»» L 

2 \m<omntt<r>m 2 u>m l 3 (iiEosj/f^cDm 

3U>XI¥, L4(4iEflDJB»f*©JII4U>XP?**. 
S P UMDR y y s m 3 U VX» L 3 (DEMltiBM 
LTt>5o GAB, X-AUVX(D««^@W<!:Lft« 
S»'57T$y, GBttfe#»7yXA-^CCD£07i 
-X7U- h j e>a-/tX7H-;U^-«0#5X7ny^ 
T'S5. L 1 ft^GA^T^X-LUVX^T'SUs V 
7>hgl?*JC^LT*p<5*ftlc§g*nTl^o L 
ftjb^oTG BJKI*«lffiflJtt*J*5*{*fc£*n*. 
[0 0 2 2] *HSfi«IJTlil£ftS5*i>5Saffi^<DSflglC 
^LT^ai©<fc5lcm2 UvXSPSfliiBfll'NStt*** 

TffiiELT^S. X, m4U>XP5Jt«l±»tt?-fe!-T 
7*-a7£i75y7:7*-#7.3£$fflLTl^o » 
lc|2|lOffl^4a. 4blca«r<t:3lciZM4Mr6aWI 

^©sffiic^ l zimm^avxDimzmt % & *> 

lft*-a-Tl^. uti(c<i:ym3U>XI¥i:m4UVX«f 

t<offiFa©ws»MSEy uvx^ftosfifk^jasw 



(4) 



»H¥9-2 8 1 39 1 



4 a &j^Qttft4 bli*4MffilEm*&>fiEffita 

fgic# ? is©«isai)*ffliE-r z&mwmmzm lt 

[0 0 2 3] WLmmt&M-\~3s 9(Cfet>Tttx £3U 

iLTUhnT^XtDIEUVXgtetgfiELTl^o *L 
T» ftO)IBSWDfl!)J8fil/VXtt. WMSaUVXBtfa 
(*BfcEIB*|q]ttTl/>*. C^LT> m3UVXP©± 
jSttBSB 2 UVXSfr SS#tt*aW64a./to 7 7 

*-»x*ft<r*ci:iEjiittLTt'»*. mzmmiztt 

[0 0 2 4] nEjEOBSttJOSauvXIk ft 

mmm mm^mtm^) **u coaauvxtm 
«ic*3 u>x»©±jstt«*»2 uvxafrsaw 

*fflB*a-3T*y, K4U>XffdMlUjUBt*ft< 

[0 0 2 5] PMl£« KBB£M4~8lc&iv?tt % a 

3 UVXI¥ttfiO*U>Xi:, E©aUVX?«fiE* 

*U *f*tLTUhP*'T7*<DEl/VX»**«LT^ 
8. 1 < B F x Jp^,/ (f f x t 

[003 1 ] TPBffl*a*TF^-V/t-*R8*<-r«i: 
S&OSEHXg, 37«««KfeU WET^OtfHIl 

[0032] ±mmzmz.T. ftyn-m<mt 
m±2MSi#m<iiVs ztuz&Js buvxcbbb 

1. 0< | R 3 ir /R32r l<5. 
1. 5<f3 /f32<5. 0 

&s*fl=fe*jsj£r s c i 

[0034] ft#3 (2) , (3) it,lC*3U>XS 

*tt**£iEUVX©aB©tt*aiHcajiUEBjtW>* 
<fty*5BWOB«T?**/W^7*-*X*?E#Kfi 

<«oc£ffait£&y N ±H*a**t*3i/vx» 

*»BL7*-»X«S»»r*»4UVXIWcAJrt- 

*BfcR£T*a*©«BiRa*aiET* c tmnt 

0. 6 6<L/ (f t • tanw) 
4. 0 0< f 4 /f w <7. 0 0 
0. 1 0<D/f t <0. 30 

[0 0 3 6] (4) ttB2u;>xft®Btt©fci& 
©»»ffilBtX-AttO)H«*«ifkr«ti©Ts ±h 



5. * 5 (cWEBoa U VXI*»*«©BtfMl*IHIB? 

syff 3 u>xiw>ijsffiii*«2 uvxafrsatftt 
*aw*fi9Tfey» »4i/vx»©«)asBi*ft<L 

[0 0 2 6] -35IM3iE©*UVX(*, flIIBfilODtftt 

3 l/VXWOijSMM*Jll2 l/VXftfrSa«?tt*aW 
fcffioTfcy* »4U>X»fl!)ajaBi**<Lfl6oT 
/ to 7 7 * -» 7x£ft < 1 « C £ IdtM LTl*. 
[0 0 2 7] coj:3.lc« *H16ffllT*ti\ m3UVXSf 
lOataBBlEjEUVXEBU CflMEUvXoftfflU 
>XB*aBffiKfiifl& LT±jjStt«*«*»cK« U 
a*»Cft»B7*y X/»*BEBT# *§©/ to 7 7 * -» 
X£5?£L7V5o 

[0 0 2 8] «Lh(0»<«T» /to*7*-*X*-HM 
«U Bl*«tt»*ofcX-i*U>X*««r*E£ 
L < tt, TI3©atta©t^*ifr* 

[0029] ( i ) fcfiffivmmmimzisiizmisy 

[0 0 3 0] 
[*2] 



a ii «j) < 1 3 . 3 



(1) 



■fs ttu>xft«<oji*fb**fa<. 

[0 0 3 3] ( i I ) X, MIBM3 UVX8¥<7)«t,«H 

floiEuvx©»»ai:aB«o.uvxiHo«wsa* 

S^R31r . R32r . BiEU>X*L7lM2B3 UVX 

«w>ajSEB*** f 32. f 3 <t tfca» 

0 - (2) 

- (3) 

*-3Tattafk*aa?*ft<fc*. 

[0 0 3 5] (i I i) X» ai U>XSfrS«2U> 
X8k *LT»2U>XBfi»6»3l/yX»*-W)?ffi 

aBnoa*u j£aaic&tts¥BA«&>« jkab. 
aa«*LTS9iB«4u>xaa)a)SBa**«» f 
w . f t . f4 . «ww>BBaiw«c«r*BEa 

3 1/VXW&B4 b>XB®a«BB*D4: LfcB, 



<1. 17 



(4) 
(5) 
(6) 



fii^s a 5 1 a«(c»r saaofcttoffiBtf itr a 
s(gftg»^s <-fci6ft©B»r73*a <'«aa ae a < 



(5) 



^¥9-2 8 1 3 9 1 



[0 0 3 7] &#it (5) l*/ty*7*— *X©*** 

mmitt % t o)T'±.mm% a* * £ / \" ■> ? 7 * - a t. # 
x.z <t?E»icfttv w 77 *- *>x£5i«-ra z. turn 

[0 0 3 8] (6) (47*-2}7s©fci&<7)3l4S¥ 

o&ttRia&an <h aaaoa jSEKaHftsssfbr 

-0. 6 0<R3if /f 3 <-0. 1 
0. 3 0<R31 f /f 31<0. 90 

[0040] (7) % (8) itic^sproat, 

*»««)iB0ia**IHIB-r*fci&fl!)«b©T. -tn^a* 

siauvxoaaaittcaaaatfi** < & U 

CD a WT'S 5 / W 7 7 * - * XZftftlzm < «o z. t ft 

to o 4 1 1 H5a«oeioai*»»tc»jE-r*fe 

»(cm2|¥tt, >!>T5.<.£%2Vi<n%\,yxt'}>rs.<,t*> 
1 fc©IEU>XT«i££tlTlvMf *L\& fcSS&flJ? 

*ffi*-r«fc46te» 2 uvxaoataaafcauvx 

£lBaLT*6K/W77*-2j7x£ft< ?"*;:<!:(;:« . 
[0 0 4 2] $fc£liaff«RaffiE. ^KfeiRSfcH 

»{cffliE-r5rc«)(ctts mi~3, ^9%mm\tmtts\ 

<m3Plc^< it 1 otDjg^UVX^Wf 

[0 0 4 3] X, *HSS0iJT'tt, SI UVXWflMfcfc/h 
* <t^fc46^F^P^y^m3 UVX»B«K:KBLfc 

XmtOffiT^ > X, Sg3U>Xi¥*©flU>X<!:iE 

[0 0 4 4] ft. sWJMreii. S3-UVXSSWC 

iE<h LT* aiwraKu x-2*uvx*»ur 
ttttXfbcim l, attasaaicftiweaif aa 

*#»t=a< LTV*. 

[0 0 4 5] *U>X©J:5UHe*«>U>X? 
14. rUiiO!>MjlUEH^ttlca<«y« xUi£fc«fctf 
*<Dttifi<D1f ffctf !£Sg 2 Ptc** < a«**iT < *. • * 
LTV E0a2UVX»tc#*B*«AT*itfJfc¥tta 



»xflMs»©a#ftffia*a«?*a<fty, x— 

[0 0 3 9] X. asi/V'XaoatlMMIOUVXIE 
©ffi*¥S£R31f > »3UVX»flMlt.«K»fll(=ffiB 
r * 1/VXflMWBW* f3K JB3 U>X»fl)«WSiS« 
*f 3 iLfcBts 

0 -(7) 
- (8) 

[0 0 4 6] £3b\ #*aii* S*WlC«S«Ma)ffiiE 
* SW<t LTl>4ft«, l/VXO«ia«c^< ic Lfctf 

[0 0 4 7] gfffciRSffilE, *(C&iRa*a& 

iCffiET SfcttlCtt, Sg4S¥*<D'J>£< fcfc 1 O0iEU 

>Xt4s 

\/d >6 4. 0 

*asT*jff7x?aar*c£T***. fc/cu vd 
ttar^xflD^y^Brp**. 
[0 0 4 8] c©*fr5M\ fg*ftaa*a»fEaiEr 

«*fec«fl«7 , v^-icay»*L<a 

t\ 

[0049] tunz, ftaHoaaa&iaa-rs. 
[0050] RmMtu£i«T* r ' »w*aj:y« 
ica i »a©uvxaa>tt*¥ffi, d i «wu;u 

HSlcm i #a©U>XW»lRB»BW» N i t v i 14 ^E- 

hTWMEflKCvmca ! *a©u>x©#7X<oa»f 

[0051] aaaaai k»»**r 2 8~r 2 
9. aaaaai, 3, 9»cti^«R2 6~R2 7, a 

fla&fl4~6(C&lt«R 2 4~R 2 5^(4«ffl«'5X 

as, afflnjgfiij 1 icfeits r 3 0 ~ r 3 3 , &mnmm 

2, 3, 9lE*3ltSR2 8~R3 iafflHaffll4~8lC 
fc^5R2 6~R2 9tH4, fe»)RXyXZ»> «^7^ 
7i-7s7U-h^ro«77s7P-y7 ; &^„ 

[oo5 2] naoaafm^aaaaaica^* 
aaa^ona^a- 1 i^r= 
[0053] ^mroatt. ^»^(rjicx«, jtiats 

s> a^anflak^Kv b, c, d, Eiui:$> 

[0054] 
W3] 



Wl-(1+K)(H/R)« 



+ BH 4 + C H 6 + DH 8 + E H 10 



[0055] srcCTiitf r e -ox j (ommt ri 
o-xj ^jg^-r^o 

[005 6] 



(6) 



9-28 1 39 1 



a i 







i 


2 


3 


4 


5 


6 


7 


8 


9 


a) 


10. 59 


10. 90 


11. 09 


9. 95 


9.59 


10.03 


10.03 


10.04 


9. 08 


(2) 


2.428 


1. 313 


1. 338 


3.360 


3. 191 


. 3,296 




3.353 


1.373 


(3) 


Z3Q4 


Z4B3 


2.608 


2.824 


2.648 


2.750 


2.771 


2. 893 


2. 880 


(4) 


0.935 


0.932 


a 908 


0.917 


0. 925 


0.921 


0.921 


0.918 


0. 998 


(5) 


5.159 


5.178 


5. 265 


5.281 


5. 220 


5. 294 


5.288 


6. 278 


5. 266 


(6) 


0.225 


0. 192 


a 208 


0. 260 


0.228 


0.253 


0.255 


0.258 


0. 20 


cn 


-a 255 


-<X 328 


-a 386 


-0. 269 


-0. 276 


-0.268 


-0. 275 


-0. 257 


-0. 269 


(8) 


0. 412 


0. 597 


a 758 


0.598 


0.548 


0.575 


0. 594 


0. 593 


0. 760 



[0057] 

BMSffiMl 







f=l-15. 42 




Fno=1.65~2. 61 


2fit>= E 


>9. (T -4. 2° 


R 1 


s 


14. 996 


D 1= 




0.30 


N 1= 1.846660 


i/l=218 


R 2 




7. 420 


D 2= 




1.01 


N 2= 1.603112 


v 2=60.7 


R 3 


- 


-55. 755 


D 3= 




0.04 






R 4 


as 


6. 528 


D 4= 




0. 58 


N 3= 1.696797 


v 3=55.5 


R 5 




16. 528 


D 5= 










R 6 




6. 618 


D 6= 




a i6 


N 4= 1.882997 


v 4=40.8 


R 7 




1.839 


D 7= 




0. 67 






R 8 




-5. 612 


D 8= 




0.14 


N 5- 1.882997 


i/ 5=40.8 


R 9 




6. 435 


D 9= 




0. 11 






RIO 




3. 282 


D10= 




0. 55 


N 6= 1. 846660 


u 6=23.8 


Rll 




-4. 917 


Dll= 




0. 09 






R12 




-3. 110 


D12- 
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